Fisetin is a flavonoid widespread in vegetables, fruits and medicinal plants. The in vitro antioxidant and α-glucosidase inhibitory activities of fisetin were systemically investigated in this study. The DPPH and ABTS radical scavenging performance of fisetin was higher than that of BHA. In the ORAC and PSC assays, fisetin also exhibited strong antioxidant activity. The α-glucosidase inhibitory activity of fisetin (IC 50 , 9.38±0.35 μg/mL) was significantly superior to that of acarbose (IC 50 , 1.07±0.15 mg/mL). Its inhibition type was determined to be a mixed competitive and non-competitive inhibition mode. Molecular docking analysis suggested it could exert the α-glucosidase inhibitory role by forming hydrogen bonds with the TRP391, ASP392, ARG428 and ASP568 residues of α-glucosidase.
Reactive oxygen species (ROS) are produced in the human body by an unbalanced diet, stress, environmental pollution and aging which can form free radicals and oxidative stress which may cause diseases such as diabetes [1] . It is predicted that the global prevalence of type 2 diabetes will rise to 7.7% by 2030, and the number of patients to 430 million [2] . Diabetes can cause metabolic syndrome, renal failure and visual impairment [3] .
The control of postprandial hyperglycemia is the key of preventing and treating diabetes [4, 5] . Synthetic inhibitors of α-glucosidase such as acarbose, miglitol and voglibose have been developed as first-line drugs for diabetes but have side effects such as flatulence and diarrhea [6] . As a result, demands for natural and effective α-glucosidase inhibitors are increasing. Recent research showed that many plant flavonoids possess the antioxidant and α-glucosidase inhibitory activities for potential applications in medicines and functional foods [7] [8] [9] . Fisetin ( Figure 1 ) is a flavonoid widespread in vegetables, fruits and medicinal plants [10] . It was reported to have anti-inflammatory [11] , anti-hyperlipidemic [12] , and neuroprotec-tion activities [13] . To the best of our knowledge, there are few systematic reports about its antioxidant and α-glucosidase inhibitory activities, which is the purpose of this study.
DPPH and ABTS free radical scavenging assays are the most commonly used methods for evaluating the chemical antioxidant activities of natural products. The results for the DPPH scavenging assay are shown in Figure 2 (a). The DPPH radical scavenging performance of fisetin (6.08±0.12 μg/mL) was higher than that of BHA (10.42±0.16 μg/mL). As shown in Figure 2 (b), its ABTS radical scavenging activity (24.77±0.92 μg/mL) was also superior to that of BHA (37.75±0.88 μg/mL).
The oxygen radical absorption capacity (ORAC) can be determined by comparing the fluorescence change of the fluorescein sodium salt caused by the radicals in the absence and presence of fisetin. As shown in Figure 3 dynamics curve [14] . The peroxide radical scavenging capacity (PSC) of fisetin was measured by using DCFH-DA as a fluorescent probe. Figure 3(b) showed that the fluorescence intensity of fluorescein decreased with the increase of the concentration of fisetin. The PSC value of fisetin was determined as 10509.46±514.60 μmol vitamin C/g DW.
In order to evaluate the feasibility of fisetin as α-glucosidase inhibitor, its α-glucosidase inhibitory activity was measured with acarbose as the positive control ( Figure 4 ). It was found that fisetin could play the inhibitory role in a concentration-dependent mode. Its α-glucosidase inhibitory performance (IC 50 , 9.38±0.35 μg/mL) was superior to that of acarbose (IC 50 , 1.07±0.15 mg/mL). When the concentration was 15 μg/mL, the inhibition rate of fisetin was as high as 91.45%, which suggested that fisetin is a promising α-glucosidase inhibitor. (1/V) was observed. With the increase of substrate concentration, the maximum reaction rate V m gradually decreased, but the Michaelis constant K m increased, indicating that fisetin belonged to a mixed competitive and non-competitive inhibition type. The α-glucosidase inhibitory behavior of dihydromyricetin shows a similar phenomenon [15] .
Molecular docking is widely used to clarify the binding mode between enzymes and bioactive compounds based on the energy and geometric matching principles. In this study, the obtained 3D conformation of the complex of fisetin and α-glucosidase was investigated and shown in Figure 6 (a). In the hydrophobic pocket of α-glucosidase, fisetin could form the hydrogen bonds with TRP391, ASP392, ARG428 and ASP568, which could exert an important role in maintaining the supramolecular structure of the complex. 
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The IC 50 value of the sample was obtained by plotting the scavenging activity against the concentration of the sample.
ABTS radical scavenging assay:
The ABTS scavenging activity of the sample was measured by using a published method [15] with slight modification. Briefly, The ABTS solution (7 mmol/L) and potassium persulfate (2.45 mmol/L) were mixed and kept for 12 h in the dark at room temperature in order to obtain the ABTS radical cation working solution. Before the measurement, it was diluted with 2.5 mM PBS buffer (pH 7.4) until its absorbance at 734 nm was 0.70±0.02. 2.85 mL of the obtained ABTS working solution and 0.15 mL of the sample solution at different concentrations were mixed and kept at room temperature for 10 min. Then, its absorbance at 734 nm was recorded. The mixture without sample was used as the control. The ABTS scavenging activity of the sample was calculated by using the following equation:
ABTS radical scavenging activity =
Abs of control -Abs of sample
Abs of control
100%
Oxygen radical absorption capacity (ORAC) assay:
The ORAC assay was performed according to the previous report with slight modification [17] . The working solution of fisetin was freshly prepared and the trolox and ABAP were dissolved in the phosphate buffer solution (75 mmol/L, pH 7.4). The trolox standard or the sample to be tested was diluted to a certain concentration and 20 μL was absorbed to a black-walled 96-well plate. Incubating for 10 min, 200 μL of sodium fluorescein working solution (0.96 μM) was added to each well. Then, 20 μL of ABAP working solution (119 μM) was added to each well. Fluorescence intensity was monitored with 35 cycles for 170 min using a multi-mode microplate reader (Filter Max F5, Molecular Devices, USA) at the excitation wavelength of 485 nm and emission wavelength of 535 nm. All the samples were measured in triplicate and the ORAC results were shown as μmol trolox equivalents per gram of sample DW (μmol TE/g DW).
Peroxyl radical scavenging capacity (PSC) assay: The PSC assay was performed according to Wen [18] . The DCHF-DA and ABAP working solutions were freshly prepared in the phosphate buffer solution (75 mmol/L, pH 7.4). The freshly prepared ascorbic acid solution was chosen as the standard. 100 μL of the sample and DCFH-DA working solution were added to the black-walled 96-well plate successively. Then, 50 μL of the ABAP working solution (200 mM) was added to each well. The microplate was put into the microplate reader (Filter Max F5, Molecular Devices) and held; afterwords, the fluorescence intensity was measured at 37 °C for 40 min under the excitation wavelength of 485 nm and emission wavelength of 535 nm. All the samples were measured in triplicate and the PSC values were indicated as μmol of vitamin C equivalent per gram of DW.
α-Glucosidase inhibitory assay:
The α-glucosidase inhibitory activity of the sample was determined according to the previous study [19] with slight modification. In short, α-glucosidase and pNP-G were dissolved with 0.1 M phosphate buffer at pH 6.8. Then, 1 mL of α-glucosidase (0.2 U/mL) and 1 mL of fisetin (0-25 μg/mL) or 1 mL of acarbose (0-2.5 mg/mL) were mixed, kept at 37°C for 10 min. and 1 mL of pNP-G solution (1mM) added. The mixture was incubated for 20 min at 37 °C. The reaction was terminated with 1 mL of ethanol. The absorbance of the mixture at 405 nm was measured. The mixture containing PBS instead of sample was used as the control. The inhibitory activity could be calculated by the following formula:
α-glucosidase inhibitory activity = Abs of control -Abs of sample
100%
The IC 50 value of the sample was obtained by plotting the inhibitory activity against the concentration of the sample.
Inhibitory mode of α-glucosidase:
The Lineweaver-Burk plot was drawn to determine the inhibition type of fisetin against α-glucosidase. The catalytic activities of α-glucosidase in the absence and presence of fisetin (5 and 10 μg/mL) were measured with the increasing concentration of pNP-G (0.2-1.0 mmol/L).
Molecular docking:
The binding mode between fisetin and α-glucosidase was studied by the molecular docking method. The 3D conformation of fisetin was established and optimized at the level of B3LYP/6-31G(d) by Gaussian 09 software. The crystal structure of α-glucosidase from Saccharomyces cerevisiae was obtained from (PDB ID: 4J5T). After a series of protein preparation procedures, molecular docking was performed by using Tripos SYBYL 8.1 software. The output conformation with the highest T-score and Cscore is considered to be the best 3D conformation of α-glucosidase and fisetin.
Statistical analysis:
The results were expressed as mean±SD. The statistical comparison was carried out based on Student's t-test. The value of p < 0.05 was considered to be significant.
